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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon wafer characterized by for the oxygen density 
having used the silicon wafer of 0.6 - 1.3x1018 atoms/cm3 (old ASTM), and for the value which 
**(ed) thermal neutron dosage with fast-neutron dosage having irradiated the neutron with the 
heavy water reactor of 100-600 at this silicon wafer, and performing 600-1200 degrees C and 
heat treatment of 1 hours or more after that. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] About the manufacture approach of the silicon wafer used for 
manufacture of a semiconductor device, in detail, this invention irradiates a neutron at a silicon 
wafer, and forms an atomic hole. 
[0002] 

[Description of the Prior Art] Conventionally, as the manufacture approach of this kind of silicon 
wafer, the value which **(ed) thermal neutron dosage with fast-neutron dosage irradiates a 
neutron with the heavy water reactor of 1000 at a silicon wafer, and there are some which were 
going to acquire uniform resistance distribution in the thickness direction of a silicon wafer. 
[0003] 

[Problem(s) to be Solved by the Invention] However, if it was in the manufacture approach of 
such a silicon wafer, when the semiconductor device was formed near the front face of a silicon 
wafer, the property of a semiconductor device deteriorated remarkably and had the technical 
problem that the yield of a semiconductor device fell greatly. 

[0004] That is, since the neutron to which the value which **(ed) with fast-neutron dosage 
irradiates thermal neutron dosage with the heavy water reactor of 1000 has little fast-neutron 
dosage, the atomic holes incorporated by the silicon wafer decrease in number. For this reason, 
even if it heat-treats, a deposit of the oxygen inside a silicon wafer is hard to be promoted. 
Consequently, the precipitation-of-oxygen layer inside a silicon wafer is hard to be formed, and 
the crystal defect resulting from this precipitation-of-oxygen layer decreases. Therefore, when 
the semiconductor device was formed near the front face of a silicon wafer, the crystal defect of 
the interior stopped being able to function easily as an IG layer. Therefore, when the 
semiconductor device was formed near the front face of a silicon wafer, it was that to which the 
property of a semiconductor device deteriorates remarkably and the manufacture yield of a 
semiconductor device falls. 
[0005] 

[Objects of the Invention] Then, the purpose of this invention is offering the manufacture 
approach of the silicon wafer which can form a defect-free layer near [ that ] the front face, and 
can form in that interior the crystal defect which functions as an IG layer in a NTD (neutron 
irradiation) silicon wafer. 
[0006] 

[Means for Solving the Problem] an oxygen density uses the silicon wafer of 0.6 - 1.3x1018 
atoms/cm3 (old ASTM and the following — the same), the value which **(ed) thermal neutron 
dosage with fast-neutron dosage irradiates a neutron with the heavy water reactor of 100-600 
at this silicon wafer, and this invention is the manufacture approach of a silicon wafer of having 
performed 600-1200 degrees C and heat treatment of 1 hours or more, after that. 
[0007] 

[Function] It is formed from the silicon single crystal rod from which the oxygen density pulled 
up the silicon wafer of 0.6 - 1.3x1018 atoms/cm3 with the Czochralski method. The value which 
**(ed) thermal neutron dosage with fast-neutron dosage to this silicon wafer irradiates the 
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neutron of the specified quar^^kith the heavy water reactor of 100-^^By the exposure of 
this neutron, a point defect (atomic hole) is incorporated by the silicon wafer in that thickness 
direction at homogeneity. Heat treatment of 1 hours or more is performed to this silicon wafer at 
the temperature of 600-1200 degrees C. At this time, oxygen deposits the interior of a silicon 
wafer, and near the front face. A deposit of the oxygen inside this silicon wafer is promoted by 
existence of the above-mentioned atomic hole. Consequently, a precipitation-of-oxygen layer is 
formed in the interior of a silicon wafer. On the other hand, near the front face of a silicon wafer, 
an atomic hole carries out out-diffusion by the above-mentioned heat treatment. For this 
reason, a deposit of oxygen is not promoted [ near the front face of a silicon wafer ]. 
Consequently, a defect-free layer is formed near the front face of a silicon wafer. 
[0008] Thus, the semiconductor device which has pn junction etc. in the defect-free layer near 
the front face of the manufactured silicon wafer is formed. At this time, the crystal defect 
resulting from the precipitation-of-oxygen layer inside a silicon wafer functions as an IG layer. 
Consequently, this silicon wafer raises that manufacture yield sharply. 

[0009] And the value to which the oxygen density with this invention out of range **(ed) thermal 
neutron dosage with fast-neutron dosage to the less than three 0.6x1018 atoms/cm silicon 
wafer irradiates a neutron with the heavy water reactor of 100-600, and heat treatment of 1 
hours or more is performed at the temperature of 600-1200 degrees C. At this time, since there 
are few oxygen densities of a silicon wafer, the amount of deposits of interna! oxygen decreases. 
Consequently, even if a deposit of oxygen is promoted by existence of an atomic hole, the 
precipitation-of-oxygen layer inside a silicon wafer is hard to be formed, and the crystal defect 
resulting from this precipitation-of-oxygen layer decreases. Therefore, if a semiconductor device 
is formed near the front face of a silicon wafer, the crystal defect of the interior will stop being 
able to function easily as an IG layer, and the manufacture yield of a semiconductor device will 
fall. 

[0010] Moreover, the value which **(ed) thermal neutron dosage with fast-neutron dosage 
irradiates a neutron with the heavy water reactor of 1 00-600, and heat treatment of 1 hours or 
more is performed to the silicon wafer with which an oxygen density with this invention out of 
range exceeds 1.3x1018 atoms/cm3 at the temperature of 600-1200 degrees C. At this time, 
since there are many oxygen densities of a silicon wafer, a deposit of the oxygen near the front 
face of a silicon wafer increases. For this reason, [ near the front face of a silicon wafer ], even 
if the out-diffusion of an atomic hole occurs, sufficient oxygen for a deposit remains. 
Consequently, the crystal defect resulting from oxygen occurs near the front face of a silicon 
wafer. Therefore, if a semiconductor device is formed near the front face of a silicon wafer, the 
manufacture yield of a semiconductor device will fall. 

[001 1] Moreover, if an oxygen density irradiates a neutron at the silicon wafer of 0.6 - 1.3x1018 
atoms/cm3 with the heavy water reactor with which the value which **(ed) thermal neutron 
dosage with this invention out of range with fast-neutron dosage exceeds 600, since there is 
little fast-neutron dosage, the atomic holes incorporated by the silicon wafer will decrease in 
number. For this reason, even if it performs heat treatment of 1 hours or more at the 
temperature of 600-1200 degrees C, a deposit of the oxygen inside a silicon wafer is hard to be 
promoted. Consequently, the precipitation-of-oxygen layer inside a silicon wafer is hard to be 
formed, and the crystal defect resulting from this precipitation-of-oxygen layer decreases. 
Therefore, if a semiconductor device is formed in the defect-free layer near the front face of a 
silicon wafer, the crystal defect of the interior will stop being able to function easily as an IG 
layer, and the manufacture yield of a semiconductor device will fall. 

[0012] Moreover, when an oxygen density irradiates [ the value which **(ed) thermal neutron 
dosage with this invention out of range with fast-neutron dosage ] a neutron with less than 100 
heavy water reactor at the silicon wafer of 0.6 - 1.3x1018 atoms/cm3, the exposure damage by 
neutron irradiation is serious, namely, there is much fast-neutron dosage. For this reason, the 
atomic hole incorporated by the silicon wafer increases. For this reason, even if it performs heat 
treatment of 1 hours or more at the temperature of 600-1200 degrees C, an atomic hole remains 
also by the out-diffusion of an atomic hole [ near the front face of a silicon wafer ]. This atomic 
hole promotes a deposit of the oxygen near the front face of a silicon wafer. Consequently, the 
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yield of the crystal defect re^^^g from this oxygen increases too mul^^near the front face of 
a silicon wafer ]. Therefore, if a semiconductor device is formed near the front face of a silicon 
wafer, the manufacture yield of a semiconductor device will fall. 

[0013] Moreover, the value to which the oxygen density **(ed) thermal neutron dosage with 
fast-neutron dosage to the silicon wafer of 0.6 - 1.3x1018 atoms/cm3 irradiates the neutron of 
the specified quantity with the heavy water reactor of 1 00-600. Heat treatment of 1 hours or 
more is performed to this silicon wafer at the temperature of less than 600 degrees C with this 
invention out of range. At this time, since heat treatment temperature is low, the amount of 
deposits of the oxygen inside a silicon wafer decreases. Consequently, even if a deposit of 
oxygen is promoted by existence of an atomic hole, the precipitation-of-oxygen layer inside a 
silicon wafer is hard to be formed, and the crystal defect resulting from this precipitation-of- 
oxygen layer decreases. Therefore, if a semiconductor device is formed near the front face of a 
silicon wafer, the crystal defect of the interior will stop being able to function easily as an IG 
layer, and the manufacture yield of a semiconductor device will fall. 

[0014] Moreover, the value to which the oxygen density **(ed) thermal neutron dosage with 
fast-neutron dosage to the silicon wafer of 0.6 - 1.3x1018 atoms/cm3 irradiates the neutron of 
the specified quantity with the heavy water reactor of 100-600. Heat treatment of 1 hours or 
more is performed to this silicon wafer at temperature higher than 1200 degrees C with this 
invention out of range. Since heat treatment temperature is high at this time, the amount of 
supersaturation of oxygen decreases and a precipitation-of-oxygen layer becomes is hard to be 
formed. For this reason, the crystal defect resulting from a precipitation-of-oxygen layer 
decreases. Therefore, if a semiconductor device is formed near the front face of a silicon wafer, 
the crystal defect of the interior will stop being able to function easily as an IG layer, and the 
manufacture yield of a semiconductor device will fall. 

[0015] Moreover, the value to which the oxygen density **(ed) thermal neutron dosage with 
fast-neutron dosage to the silicon wafer of 0.6 - 1.3x1018 atoms/cm3 irradiates the neutron of 
the specified quantity with the heavy water reactor of 100-600. Heat treatment shorter than 1 
hour with this invention out of range is performed to this silicon wafer at the temperature of 
600-1200 degrees C. Since heat treatment time amount is short at this time, an atomic hole is 
not fully spread in the method of outside [ near the front face of a silicon wafer ]. For this 
reason, an atomic hole remains near the front face of a silicon wafer. This atomic hole promotes 
a deposit of the oxygen near the front face of a silicon wafer. Consequently, the yield of the 
crystal defect resulting from this oxygen increases too much [ near the front face of a silicon 
wafer ]. Therefore, if a semiconductor device is formed near the front face of a silicon wafer, the 
manufacture yield of a semiconductor device will fall. 
[0016] 

[Example] Hereafter, one example of this invention is explained. First, a silicon single crystal rod 
is grown up with the Czochralski method (CZ process). And a silicon wafer is formed from this 
silicon single crystal rod. The oxygen density [Oi] of this silicon wafer sets up raising conditions 
etc. so that it may become 0.6 - 1.3x1018 atoms/cm3. 

[0017] And the value which **(ed) thermal neutron dosage with fast-neutron dosage irradiates a 
neutron with the heavy water reactor of 400 at this silicon wafer. Then, heat treatment of 64 
hours or more is performed at 1000 degrees C to this silicon wafer. 

[0018] The cleavage cross section of the silicon wafer of this result is shown in drawin g 1 . 
Drawin g 1 is a drawing substitution photograph and the value which **(ed) thermal neutron 
dosage with fast-neutron dosage calls it at the heavy water reactor of 400. In (A), the core of a 
silicon wafer and (B) show the part of the location of R (radius)/the 2, and (C) shows the 
periphery (periphery section) in this drawing, respectively. The thickness of DZ formed is 50-100 
micrometers. 

[0019] On the other hand, the drawing substitution photograph in which the cleavage cross 
section of a silicon wafer when the value which **(ed) thermal neutron dosage which is an 
example of a comparison with fast-neutron dosage performs neutron irradiation in the heavy 
water reactor of 1000 and performs heat treatment of 64 hours or more in drawin g 2 at 1000 
degrees C to this silicon wafer after that is shown is shown. As for this drawing (A), the core of 
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» cation of the abbreviation one half oi^^^c 
-espectively. 



a silicon wafer and (B) show ^^Bbcation of the abbreviation one half oT^^fcdius, and (C) shows 
the periphery (periphery section^ respectively. 
[0020] 

[Effect of the Invention] According to this invention, a defect-free layer (DZ) is formed near the 
front face of a silicon wafer, and IG layer is formed in the interior, respectively. Consequently, a 
semiconductor device can be manufactured to the high yield. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the drawing substitution photograph in which the organization of the cleavage 
plane of the silicon wafer concerning one example of this invention is shown. 
[ Drawin g 2] It is the same drawing substitution photograph as drawin g 1 which shows the 
example of a comparison of this invention. 
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[ Drawin g 1] 
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